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POWER QUALITY MONITORING f 

FIELD OF TBj^^te^f/p^} Q8 FEB 2006 
The present invention relates to the field of power quality monitoring and particularly 
to storage for later reference of power quality data. 
5 BACKGROUND OF THE INVENTION 

In order to provide high quality electric power service, it is desired to monitor the 
quality of the electric signals at different locations along an electrical power network. 
Particularly it is desired to know the waveform of the current and voltage at various network 
locations at the time at which a specific event occurred (e.g., a blackout) in order to understand 
10 the cause of the event. ■ 

U.S. patent 5,736,847 to Van Doom et al., the disclosure of which is incorporated 
herein by reference, describes a power meter for reading and displaying electrical power 
waveforms and calculating parameters of the waveforms. These parameters may include, for 
example, current, voltage, power, phase relationship between waveforms of a multi-phase 
15 signal, power factor, frequency, kilo watt hour (KWH), kilo Volt Amper reactive energy 
(KVAR), KVARH, KVA and KVAH, 

In some cases, however, on-line display of the waveforms and/or deduced parameters is 
not sufficient. U.S. patent 6,675,071 to Griffin, Jr. et al., the disclosure of which is 
incorporated herein by reference, states that it would be desired to implement a power quality 
20 device that captures all the voltage waveform data at all times, but that such device is 
impracticable due to the large amounts of data involved. At a sampling rate of 32 samples per 
cycle, 1920 samples are collected per second. For three-phase meters that measure both 
voltage and current waveforms, the data is 6-8 times as much. The 6,675,071 patent suggests 
detecting variations in the waveforms and capturing data relating to the times of the detected 
25 variations. 

U.S. patent 6,671,654 to Forth et al., the disclosure of which is incorporated herein by 
reference, describes an electronic device for measuring power parameters from a power 
distribution system. As in the '071 patent, data is stored only when an event occurs (e.g., an 
abrupt change in the current or voltage). 

U.S. patent 6,639,518 to Curtis, the disclosure of which is incorporated herein by 
reference, describes a circuit monitor which monitors one or more metered values in an 
electrical circuit. The monitor includes a system for selecting alarm set-points. 
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Some monitoring systems store only the Dot mean square (RMS) and/or power of th 
electrical signals. This data, however, is not always sufficient to determine the exact nature o 
problems. I 

SUMMARY OF TH^ INVENTION 

An aspect of some embodiments of the invention relates to an apparatus for 
continuously storing the waveform of one or mire power signals, regardless of whether an) 
event of interest was identified. The apparatus optionally includes memory sufficient to store j 
the waveform, under normal power conditions, over a long period of time, of at least a month, 



two months or even a year. Storing the waveform 



over such a long period allows looking ba.ck j 



10 to events to determine different parameters than were considered important at the time of an! 
event and/or allows looking back to events that at the time they occurred were not considered 
important or were not identified at all. 

j 

In some embodiments of the invention, the data of the continuously stored signals are ; 

compressed using a compression method that optionally takes into account the nature of the 

15 electrical power signals. Optionally, the compression method is performed in real time, as thej 

signals are acquired, such that compression decisions are performed before all the compressed; 

data was received. The compression for any specific segment of the data is optionally 

performed based on a small segment of the datajln some embodiments of the invention, the; 

amount of uncompressed data viewed by a processor performing the compression in generating' 

i i 
20 any piece of compressed data, is relatively small, for example less than a minute, a second, or i 

even a tenth of a second of the uncompressedc| data. Optionally, the amount of memory 

available for use and/or actually used for compression by the compression processor is less : 

than 100 Kbytes or even 10 Kbytes. 

In accordance with some embodiments of the invention, the processing power and/or : 
25 development resources that were heretofore spent on identifying events are directed towards 
compressing and storing the large amounts of data involved in storing the waveform data. 

The storage of the waveform is optionally performed with a high accuracy of at least 
64, 128, 256 or even 512 samples per electrical cycle time (generally 1/50 or 1/60 second). 

An aspect of some embodiments of the invention relates to using a lossy compression 
30 method in compressing monitored power signals. Using a lossy compression method for power 
signals allows achieving a high compression ratio, which allows storing large volumes of data, 
with a relatively low quality reduction. In accordance with some embodiments of the 
invention, instead of accurately storing a limited number of parameters, the entire electrical 
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power waveform is stored with a slight loss of accuracy. Optionally, accurate values of one or 

case more accurate 



more highly useful parameters are stored along -with the waveform, ixl 

I 

information is also required. The lossy compression optionally involves loss of up to about 1- 
2% of the accuracy, preferably about 0.1%, while achieving a compression ratio of 1:500, 
5 1:1000 or greater. ( 

The lossy compression is optionally performed in real time. The real time compression 
may require, in some cases, a compression unit with relatively high processing power 
requirements. 

An aspect of some embodiments of the invention relates to real- time compression of 
10 monitored power signals. The real time compression is performed on the fly, without requiring 
the compression unit to have a large internal memory. Alternatively or additionally, the real 
time compression is performed on each sample within less than a second or even half a second 
of when it was acquired. } 

An aspect of some embodiments of the invention relates to compression of electrical 
15 power signals by decomposing the signals into a plurality of components (e.g., frequency 
components) and compressing each of the components separately over a relatively long time 
span. In some embodiments of the invention, the compression fits the values of each of the 
components over time into a model which can be represented using a small amount of data. 
For example, components having same values are optionally represented together by stating 
20 values and time spans in which the values appear. The compression of the values of each 
component are optionally compressed without relating to the values of any of the other 
components. Optionally, the power signal in each cycle is decomposed into its components and 
the values of the components are compressed over a plurality of cycles together. 

Optionally, the compression comprises a lossy compression which ignores small errors 
25 in fitting the values of the components the models. In some embodiments of the invention, the 
lossy compression ignores errors smaller than the measurement accuracy of the apparatus. 

In some embodiments of the invention, the plurality of components comprise frequency 
components (i.e., harmonics). The frequency components are optionally generated by applying 
a transform, such as a Fourier transform (e.g., DPT, FFT), a cosine transform (DCT) or a Z 
transform, to the time domain samples. Alternatively or additionally, the frequency 
components are generated using an array of filters, digital or analog, corresponding to the 
different frequencies. Further alternatively or additionally, the frequency components are 
generated using time pattern recognition. Alternatively to frequency components, the 



3 



WO 2005/101032 



components comprises time components, for e: cample time fragments of the cycle of the power 



PCT/IL2OO4/00O332 



signal. 

Optionally, the electrical power signal' is represented by storing, for each harmonic 
average values and respective numbers of consecutive cycles in which the harmonic has a 
5 value close to the average value. Although! performing a Fourier transform is relatively 
processing intensive, the compression ratio £ thieved, and hence the ability to store power 
signals of long time periods, is considered adrv* tntag^ous. 

In some embodiments of the invention, thejjength of the cycle of the power signal is 
continuously monitored (i.e., how close it is to the pominal 50 or 60 Hz), so that the Fourier 
10 transform is accurately performed on the signals of a| cycle without skewing out of the cycle. In 

some embodiments of the invention, the rate; of sampling of the power signals is adjusted 

I \ 

according to the cycle length, so that each cycl^ has isubstantially the same number of samples, 

I J 

regardless of its length. Optionally, each cycle] has a predetermined number of samples which 

is suitable for fast Fourier transformation (e.g., 4 j256 samples). 

i ! 

15 By accurately following the cycles oF the power signals, the harmonic values generally 

have the same or very similar values over long spans of signals. Thus, if only changes are 
stored, the compression achieves for normal electrical signals very high compression ratios 
(e.g., 1:10,000), which allow storage of large amounts of data. 

In some embodiments of the inventionj the values of harmonics which have very low 

20 values (i.e., close to zero) are not stored. Generally, many harmonics of cycles of electrical 
power signals have substantially zero values and; therefore do not require storage space, 
especially when the monitored power lines aare functioning satisfactorily. 

An aspect of some embodiments of tlie/invetition relates to storing the waveform of an 
electrical signal over a long period of at lea_st a week or even a month by storing the spectral 

25 components of the signal. Optionally, the spectral components are compressed. 

There is therefore provided in accordance with an exemplary embodiment of the 
invention, a method of compressing values of a waveform of a monitored electrical power 
signal, comprising acquiring data representing periods of the waveform, decomposing the 
waveform of the power signal into a plurality of components, over a plurality of periods of the 

30 waveform and compressing the values of at least some of the components over a plurality of 
periods, separately. 

Optionally, decomposing the waveform of the power signal into components comprises 
decomposing the waveform of the power signal into frequency components. Optionally, 
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compressing the values of at least some of the components comprises fitting time segments of 
the components into a model and recording coefficients of the fitting. Optionally, the model 
comprises a constant function overtime. Optionally, the recorded coefficients for the constant 
function over time comprise a single value and a length. Optionally, the model comprises a 
5 monotonous function over time. Optionally, acquiring data representing periods of the 
waveform comprises acquiring samples of the power signal and dividing the samples into 
groups corresponding to cycles of ftie power signal. Optionally, decomposing the waveform 
comprises transforming the samples of each group, into harmonic component values. 

Optionally, compressing at least some of the components separately comprises storing 
10 for each harmonic, pairs of an average value and a number of cycles in which the value is close 
to the average value. Optionally, the number of cycles in which the value is close to the 

i 

average value is determined by determining a minimum and maximum of a train of harmonic 
values and determining when the distance between the minimum and maximum is greater than 
a predetermined distance. Optionally, 'the predetermined distance is a configured percentage of 

15 the average recent value of the harmonic. Optionally, the predetermined distance is a 
configured percentage of a configured expected value of the harmonic. 

Optionally, acquiring the samples comprises acquiring an analog signal and sampling 
the signals. Optionally, dividing the ^samples into groups comprises repetitively determining a 
main power frequency of the signal and accordingly determining cycles of the power signal. 

20 Optionally, sampling the signals comprises sampling at a rate determined responsive to 

the main power frequency. Optionally, repetitively determining the main power frequency 
comprises determining from the acquired samples. Alternatively or additionally, repetitively 
determining the main power frequency comprises determining from an analog signal from 
which the acquired samples are generated. Optionally, transformixig the samples of each group 

25 comprises transforming using a fast Fourier transform. 

Optionally, the method includes x applying a lossless compression method to the 
compressed harmonic values. Optionally, the method includes storing at least some of the 
compressed components in a file structure representing a plurality of power signals. 
Optionally, the method includes storing the compressed components in a file structure 

30 representing the power signal continuously over more than a month. Optionally, the method 
includes transmitting the compressed components over a communication link. Optionally, 
compressing at least some of the components comprises compressing each of the components 
separately. Optionally, compressing at least some of the components comprises compressing in 
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i real time and/or using a lossy compression. Optionally, compressing at least some of the 
components separately comprises compressing separately over at least three periods of the 
waveform. Optionally, the power signal comprises a current signal or a voltage signal. 
Optionally, acquiring data representing periods of the waveforms comprises acquiring data 



representing cycles of the waveform. 



Optionally, acquiring data representing periods of the waveforms comprises acquiring 
data representing periods shorter or longer than the cycles of the waveform. 

Optionally, decomposing the waveform into a plurality of components comprises 
decomposing into components which co-extend in time. 

10 There is further provided in accordance with an exemplary embodiment of the 

I 

invention, a method of compressing values cjf a monitored electrical power signal, comprising 
acquiring samples of the power signal, dividing the samples into groups corresponding to 
cycles of the power signal, transforming the samples of each group into harmonic component 
j values and storing a representation of the . harmonic component values on a non-volatile 
1 5 { storage medium, continuously over at least a week. 

Optionally, storing the representation ^comprises storing a compressed representation of 
the harmonic component values. Optionally,} storing the compressed representation comprises 
storing a compression based on compressing iogether values of each harmonic component over 
a plurality of cycles. 

| 

20 - There is further provided in accordance with an exemplary embodiment of the 

| invention, a device for monitoring electrical (power signals, comprising a power line interface 
for measuring power line signals, a non-volatile storage medium; and a processor adapted to 
store a representation of waveform information of measured power line signals on the storage 

1 medium continuously, regardless of whether a special event was identified. 

c 

25 Optionally, the power line signals comprise at least one current signal and/or at least 

one voltage signal. Optionally, the processor is adapted to store tbte representation continuously 
over at least a week. Optionally, the device is not adapted to identify special events. 
Optionally, the storage medium has a capacity smaller than 1 Gbyte. Alternatively, the storage 
medium has a capacity greater than 1 Gbyte. Optionally, the processor is adapted to compress 

30 the measured power signals with at least a predetermined minimal compression ratio. 

Optionally, the processor is adapted to adjust the loss level of the compression in order 
to achieve the predetermined minimal compression ratio. Optionally, the processor is adapted 
to compress the measured power signals in real time. Optionally, the processor is adapted to 
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coippress the measured power signals with a lossy compression m&thod Optionally, the 
interface is adapted to provide samples of the power signals at a rate of at least 8 samples per 
cycle of the power signals. 

. There is further provided in accordance with an exemplary embodiment of the 
invention, a method of compressing values of a monitored electrical power signal, comprising 
acquiring samples of the power signal and compressing the samples of the power signal using 
a lossy compression method. Optionally, compressing the samples comprises compressing in 
real time. Optionally, acquiring the samples comprises acquiring at a rate of at least 50 samples 
per! cycle of the power signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
j Particular exemplary embodiments of the invention will be described with reference to 
the! following description of embodiments in conjunction with the figures, wherein identical 
structures, elements or parts which appear in more than one figure are generally labeled with a 
same or similar number in all the figures in which they appear, in which: 
15 { Fig. 1 is a schematic diagram of a compression unit, in accordance with an exemplary 

embodiment of the invention; 

Fig. 2 is a flowchart of a compression method, in accordance with an exemplary 
embodiment of the invention; 

Fig. 3 is a flowchart of a method of determining time extents in which the values of a 
20 harponic or a parameter are substantially the same, in accordance with an exemplary 
embodiment of the invention; and 

Fig. 4 is a schematic illustration of a storage arrangement of compressed data, in 
accordance with an exemplary embodiment of the invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
25 Fig. 1 is a schematic illustration of a compression unit 100, ba accordance with an 

exemplary embodiment of the invention. Compression unit 100 optionally connects to 
electrical wires, for example to three phase lines 102 and a neutral lime 104, to monitor the 
signals passing thereon, for quality monitoring. Compression unit 100 compresses the signals 
sensed from the electrical wires in order to allow storage of monitoring data for large 
30 durations, optionally continuously without relation to whether an event of interest was 
identified. In some embodiments of the invention, compression unit 100 includes current 
measurement connections 130 and voltage measurement connections 132. The connections 
may include physical connections, magnetic field connections and/or using any other coupling. . 
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Compression unit 100 optionally includes an analog sensor 110 which senses the 
monitored signals, an A/D converter 114 which converts the sensed analog signals into digital 
samples, and a compressor 1 12, which performs the compression. In some embodiments of the 
invention, compression unit 110 further comprises a processor 118 which determines one or 
5 more parameters of the raw sensed data, mch as one or more of power, phase relationship 
between waveforms of a multi-phase signal, power factor, main power frequency, kilo watts 
per hour (KWH), KVAR, KVARH, KVA, total harmonic distortion (THD), root mean square 
(RMS) current, RMS voltage and KVAH.rAt least some of these parameters are optionally 
computed for each phase. Alternatively or additionally, the monitored parameters include sag, 

10 swell and/or flickering parameters and/or dita used in determining these parameters. In some 
cases, the ratio between values for various phases is calculated. The parameters calculated by 
processor 118 may be compressed by compressor 1 12 and/or may be used for generating alerts, 
as is known in the art. The parameters calc|ilated by processor 118 are optionally parameters 
which have a high usefulness and/or parameters which are relatively affected by small 

15 inaccuracies in the waveforms. These paijameters are optionally stored in addition to the 
waveform itself, in order to avoid the inaccuracies due to the lossy compression applied to the 
waveforms. \ 

Compressor 112 optionally performs*, the compression in real time, such that: signals are 
compressed within less than a second or even a tenth of a second from whem they were 

20 acquired. The compressed data from compressor 112 is optionally stored on a storage unit 120 
of any type known in the art, such as a disk drive, a compact flash memory or any other non 
volatile memory. In some embodiments of the invention, storage unit 120 is relatively large so 
that it can store data accumulated over months or even more than a year. Optionally, storage 
unit 120 is relatively large, i.e., greater than 1 Gbyte, 10 Gbyte or even 40 Gbyte. AJternatively 

25 or additionally, the compression of compressor 112 is very high, such that a relatively small 
storage unit 120, even smaller than 1 Gbyte is sufficient. 

In some embodiments of the invention, compressor 112 includes a cache memory 
which stores data temporarily until it is stored on storage unit 120. Alternatively or 
additionally, the cache memory stores the data required for the compression. The cache 

30 memory optionally has a size smaller than 10 Mbytes, 1 Mbyte or even smaller than 
lOOKbytes. 

Alternatively or additionally to storing the compressed signals, the compressed signals 
are transferred to a transmitter 124 for transmission to a remote unit. The signals are 
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compressed before their transmission in order to allow transmission at a reasonable "bandwidth. 
The transmission may be performed using any communication link known in the art, including 
on the monitored power lines, wireless links, cable and/or telephone lines. At the remote unit, 
the transmitted signals may be stored, displayed and/or analyzed. In some embodiments of the 
5 invention, the compressed signals stored in storage unit 120 are accessible from a control 
station 126, which may be used to display and/or analyze the compressed signals. As described 
hereinbelow, the signals are optionally stored in a manner which allows fast retrieval of signals 
of a specific date and/or type. Control unit 126 is optionally also used to configure operation 
attributes of compression unit 100. 

10 Analog sensor 110 may be of any type known in the art, including those described in 

above mentioned U.S. patent 5,736,847. Compressor 112 optionally has sufficient processing 
power in order to perform a Fourier transform (e.g., FFT) on each of the monitored signals, for 
each cycle of the power signal. 

A/D converter 1 14 optionally operates at a rate sufficient to cover a desired number of 

15 harmonics of the sensed signals. In some embodiments of the invention, A/D converter 114 
operates at a predetermined sufficiently high rate. Alternatively, the sampling rate of A/D 
converter 1 14 is adjusted according to the main power frequency of the measured signals. 
Optionally, a different sampling rate may be used for different lines and/or for different signals 
(e.g., current, voltage) on the same line. Alternatively, the same sampling rate is used for all 

20 the signals sampled by analog sensor 1 10. 

A/D converter 114 may have substantially any suitable sampling word size, for 
example 16 bits. The sampling word size is optionally selected according to the accuracy of the 
measurement apparatus. 

Fig. 2 is a flowchart of a compression method, in accordance with an exemplary 

25 embodiment of the invention. Based on the sampled (202) signals, the main powex frequency 
is determined (204), using any method known in the art, such as any phase loop locking (PLL) 
method, optionally utilizing such characteristics as zero crossing detection or auto- correlation. 
A sampling rate corresponding to the main power frequency is calculated (206). If (208) the 
calculated sampling rate is substantially different from the current sampling rate of A/D 

30 converter 1 14, the sampling rate is changed (210) to the calculated sampling rate, ixiunediately 
after the determination that the change is required or one or more cycles later. Alternatively, 
the change is performed gradually for example using a hysterezis algorithm. 
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The samples of each cycle Df the sensed signals are transformed (212) into the 
frequency domain (i.e., into harmonic jvectors formed of real and imaginary values), optionally 
using a fast Fourier transform (FFT). Alternatively or additionally, the values of one or more 
parameters of the sensed signals art determined (214). For each parameter and harmonic, 
5 compressor 112 determines (216) time (or sample) extents during which its value does not 
change substantially, keeping track of values and respective equal value extent lengths. An 
exemplary embodiment of determining (216) the time extents is described hereinbelow, with 
reference to Fig. 3. The determined (216) values and extents are optionally stored (218) in a 
suitable file format, for example as^ described below with reference to Fig. 4. In some 

10 embodiments of the invention, the filef format is further compressed using any suitable lossless 
and/or general purpose (i.e., not depending on the type of data represented by the compressed 
signals) compression method knowjn in the art, such as Lempel Ziv Welch (LZW) 
compression. \ 

Referring in more detail to calculating (206) the corresponding sampling rate of the 

15 frequency, in some embodiments of the invention, the sampling rate is based on the number of 
harmonics to be used in the compression. In an exemplary embodiment of the invention, 128 
harmonics are used, although more harmonics may be used in order to achieve a more accurate 
compression and/or in order to catch high frequencies and/or transient events. For example, a 
sampling rate of 1 MHz corresponding to about 20,000 harmonics, in a 50HZ main power 

20 frequency, may be used in order to catch fast transients on the monitored electrical signals. As 
the high harmonics generally have zero values, the size of the compressed signals is not 
substantially affected by the use of such a large number of harmonics. Alternatively, fewer 
harmonics (e.g., 32) may be used when high accuracy is not needed, in order to reduce the 
processing power required from compressor 112 in performing Fourier transforms. The 

25 sampling rate used is optionally equal to twice the main power frequency times the number or 
harmonics, such that for each cycle of the monitored signals there is a sufficient number or 
samples for constructing the desired number of harmonics. For example, in order to achieve 
128 harmonics, for a power line operating at a 50 Hz frequency, a sampling rate of 12.8 KHz is 
used, while for a 60 Hz frequency, a sampling rate of 15.36 KHz is used. 

30 Referring in more detail to determining whether (208) the calculated sampling rate is 

substantially different from the current sampling rate, in some embodiments of the invention, 
the values are considered substantially different based on the effect the difference has on 
compression. Optionally, when the difference has a high chance of causing the values or 
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of the monitored electrical 



consecutive FFT cycles to be different even though the cycles 

signals are substantially the same, the sampling rate of A/D converter 1 14 is changed (210) 

Alternatively to determining the main power frequency based on the sampled values, 
the main power frequency is determined from the analog signals (using methods known in the 
art. Optionally, when compression unit 100 operates on a plurality of power lines the sampling 

rate is determined based on the average main frequency of the {lines or based on the main 

«. 

frequency of one of the lines used as a representative power line, as the frequencies of the 
related power lines are generally the same. Alternatively or additionally, for example when the 



used for the different power 



different power lines are not related, different sampling rates are 
10 lines. 

Alternatively to adjusting the sampling rate according to changes in the main 
frequency, a sampling rate higher than required is used, and the main frequency is used to 
group the samples into cycles. Optionally, in accordance with thisUlternative, a digital Fourier 
transform (DFT) or any other transform, such as a Z transform \ or DCT transform, is used 

15 instead of an FFT. Alternatively, the samples are re-sampled iinto a number of samples 
required for the FFT. i 

In some embodiments of the invention, if synchronization! with ^ e signal from which 
the main power frequency is determined is lost, the last determined main power frequency is 
used in determining the cycle length (for other monitored signals)) until the synchronization is 

20 restored. 

c; 

Alternatively to using the FFT transform, any other method may be used to convert the 
values of each cycle into harmonics. These alternative methods may include for example other 
transforms, such as the DCT transform or the Z transform. Alternatively or additionally, filter 
arrays and/or time pattern recognition are used to convert the values of each cycle into 

25 harmonics. Referring in more detail to determining (216) time extents in which the values do 
not change substantially, in some embodiments of the invention, when the values change 
slightly in accordance with a predetermined pattern, this is stated in the compressed format. 
This allows more accurate reconstruction of the signals and/or use of higher tolerance values. 

Alternatively or additionally to determining (216) time extents during which the value 

30 of the harmonic does not change substantially, compressor 1 12 may attempt to fit the measured 
values into a predetermined function or pattern, for example into a monotonous increasing or 
decreasing line and/or into a polynomial of a low order. Further alternatively or additionally, 
compressor 112 selects from a predetermined set of functions, a function which achieves a best 
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fit of the values into the functioi. The results of the compression include an indication of the 
selected function and the coefficients used. ) 

Fig. 3 is a flowchart of a^nethod of determining (216) time extents in which the values 
of a harmonic or a parameter (referred to below, for simplicity, together using the collective 
term "harmonic") are substantially the same, in accordance with an exemplary embodiment of 
the invention. In the procedure of Fig. 3, variables min, max, ace) and average, store 
respectively the minimal, maximal, sum and average values of the values of the harmonic 
during a run in which the values are substantially the same (i.e., the difference between min 
and max is small). The variable count stores the number of values in the Gurrent run of values. 



At start up (300), when ajnew signal record is begun (as described 



to Fig. 4) and when (330) a sub 
min, max and acc are set (302) 



below with reference 



itially different value is received for a harmonic, variables 
to the value of the newly received value, referred to herein 



using the variable new, i.e., min(= max = acc = new. Another newly received value (new) is 
then received (303). The next received (304) value new is compared to min and max in order 
15 to determine if the value of either of these variables should be changed, i.e., 
If new < min then min == new j 
else if new > maxjthen max = new. 
The difference between the minimal and maximal values is compared (306) to a maximal 

tolerance value, for which values are still considered belonging to a same run of values. If 

j _ . 

(306) the difference between min and max is greater (330) than the allowed tolerance (i.e., 

i ^ 
[max - min| > tolerance), the previous run is closed (310) and a new run is started in act 302. 

Closing (310) the previous run iiicludes storing the average value (avg) pf the samples of the 

run together with the number of samples in the run (count). Alternatively or additionally to 

storing the average, the sum (acc) is stored. If (306) the difference between min and max is 

within the allowed tolerance, the value of new is added (315) to acc, and count is incremented 

by 1. Another value of the harmonic is then received (303). 

After a plurality of rounds of running the method of Fig. 3, an array of pairs of values 

of avg and count are received. Generally, in electrical power signals, the same or very similar 

harmonic values appear over many consecutive cycles of the main power frequency. Therefore, 

a representation of many cycles of an electrical signal can be achieved using a relatively small 

number of pairs of values and the number of consecutive cycles in which they appear. 
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It is notect that the equality of values is especially true for some of the harmonics, such 
that even if for fcome harmonics the savings using the compression method of the present 
invention is relatively low, the savings in some of the harmonios is very large. 

In some \embodiments of the invention, instead of" storing the harmonic values 
5 themselves, the ijatio between two harmonics, which are knoxvn to be related, are stored. In 
some cases, such^ratio is more stable than the values themselves. In an exemplary embodiment 
of the invention, \the ratio between high harmonics and the fundamental harmonic is used. 
Alternatively or additionally, compression unit 100 selects in real time whether to store the 
harmonic values themselves or the ratios, according to which option currently provides more 
10 stable values. [ 

In some embodiments of the invention, the tolerance va_lue is set as a percentage of the 
nominal value of the harmonic. Alternatively, the tolerance value is set as a percentage of the 

fundamental harmonic or of the total signal. The tolerance is optionally configured according 

i 

to a desired tradeoff between accuracy and compression ratio. In the configuration, the 

15 inaccuracy of the. i measurement of the signals is optionally taken into account, such that the 

tolerance percentage is not smaller than the inaccuracy in the signal measurement It is noted 

that in cases in which the inaccuracy is relatively high (e.g., 0. 1% of the measured values) the 

tolerance value may be set to the inherent inaccuracy of the measurement apparatus, such that 

information is not lost due to the lossy compression. In an exemplary embodiment of the 

20 invention, a tolerance of between 0.1-1% of the nominal value, is used. Alternatively to using a 

pre-configured tolerance value, the tolerance value is adj-usted over time according to 

parameters of the. compression. In an exemplary embodiment of the invention, the tolerance 

J - - * 

value is adjusted iaccording to the compression ratio achieved. Optionally, each time a data 

record 414 (Fig. 4) is completed, the compression ratio of the record 414 is determined and 

25 accordingly the tolerance of the next data record is selected, in order to achieve a desired 

compression ratio. 

Optionally, the same tolerance is used for all the signals compressed. Alternatively, 
different tolerance values are used for different harmonics and/or parameters, for example 
according to the importance of each of the harmonics and/or parameters. The nominal value is 
30 optionally a configured predetermined expected value of tlxe harmonic. Alternatively, the 
nominal value is an average value which is determined based on the value of the harmonic 
over recent cycles. 
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In some embodiments*' of the invention, for harmonics having complex values, the 
method of Fig. 3 is performed separately for the real and imaginary parts of the harmonics. 
Alternatively, the method is performed on the complex values of the harmonics together, the 
comparison to the tolerance being performed based on the magnitude of the difference between 
min and max. Further alternatively or additionally, the method of Fig. 3 is performed 

and pi 



separately on the amplitudes 
Fig. 4 is a schematic 
accordance with an exernp' 



phases of the values of the harmonics, 
illustration of a storage arrangement 400 of compressed data, in 



Diary embodiment of the invention. The compressed data is 
optionally organized in files, 404, which belong to sessions 402. The files 404 of a single 
10 session 402 are acquired consecutively, such that there is no data gap between files 404 of a 
single session 402. Between sessions 402, however, there may be a data gap, for example due 



to a momentary power outage 
Each file 404 optional 
data types carried by the file, 



and/or a user stop/start command. 

y includes a header 410, an info record 412, which identifies the 
and data block records 414 which include compressed data. In 



15 some embodiments of the invention, each data block record 414 comprises a header 420 and 
signal fields 422 (marked 422A, 422B, 422C, etc.), each signal field 422 corresponding to a 
single signal monitored by Compression unit 100. For signals relating to a single value 

parameter, such as illustrated % signal field 422B. Signal field 422B comprises a length field 

/ ! 

430 and an array 432 of pair£ of average values (avg, Fig. 3) and the numbers of times they 
appear consecutively in the monitored signal (count, Fig. 3). The values of the array 432 are 
stored in act 310 of Fig. 3. In some embodiments of the invention, the average values are 
stated by indicating a ratio between the average value and a nominal value of the signal. The 
use of a ratio generally reduced the storage space required for storing the average value. 

Signal fields 422 thatjrefer to waveform signals represented by their harmonics, are 
represented in Fig. 4 by signal 422D, which comprises a plurality of harmonic fields 438, 
corresponding to harmonics of the signal, and a number field 434 indicating the number of 
harmonic fields 438 in the signal field 422D. Each harmonic field 438 optionally includes an 
ID field 436 indicating the harmonic to which the harmonic field 438 relates, an array field 432 
including pairs of average values and the number of times they appear consecutively, and a 
length field 430 indicating the number of pairs in the array field 432. In some embodiments of 
the invention, harmonics having a zero value are not listed in signal field 422D. Many high 
harmonics usually have a zero value in power line signals, such that not storing zero value 
harmonics is advantageous. Alternatively, signal field 422D includes a harmonic field 438 for 
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each ofjthe calculated harmonics, such that all signal fields 422D have the same number of 
harmonics and ID fields 436 and number field 434 are not required. Further alternatively, when 
advantageous, number field 434 indicates that there are values for all the harmonics and ID 
fields 4B6 are not used. 

5 Optionally, when the values of a harmonic change in substantially every cycle over a 

relatively long period (e.g., above 10 cycles), a different format of storage is used, for example 

storing {he measured values alone and/or storing the differences between consecutive values. 

f 

Optionally, a special indication is used to signal the use of the different format. 

ilie order of the harmonics within signal fields 422D is selected, in some embodiments 

10 of the invention, arbitrarily, for example from the fundamental harmonic sequentially up to the 
highest harmonic (e.g., 127). Alternatively, a harmonic order is selected which is expected to 
achieve a better lossless compression of the file, e.g., using the LZW compression. Optionally, 
the harmonic order is selected according to the lossless compression method used on files 404 
and the expected similarity of the harmonics. In an exemplary embodiment of the invention, 

15 the odd harmonics are stored separately from the even harmonics. Alternatively or 
additionally, the harmonics are stored in a descending order. 

hi some embodiments of the invention, substantially all data records 414 include data 
of the same signals. In an exemplary embodiment of the invention, the signals stored in records 
414 include a current waveform signal and a voltage waveform signal, which are represented 

20 by long signal fields 422D. In addition, the signals stored by records 414 optionally include 
root mean square (RMS) voltage and RMS current Alternatively, different data records 414 
relate to different sets of signals. 

Header 420 of data record 414 optionally indicates the beginning time and/or ending 
time of the data to which the record 414 relates. In some embodiments of the invention, the 

25 time indication uses an internal time scheme of compression unit 100 in header 420. As 
described below, info record 412 of each file optionally states a regional time (i.e., a standard 
time) and a corresponding internal time, to be used for conversion of the internal time to the 
standard (regional) time. The use of the internal time within headers 420 allows using a shorter 
time field and/or eliminates the possibility of a time contradiction due to erroneous human 

30 setting of the regional time during the acquiring the data of a single file. The regional time 
allows comparison of the compressed data to data of other compression units 100 and/or to 
other events. The regional time is optionally stated in each file 404, so that clock skew of the 
internal time does not cause a large drift of the time indicated for the acquired data. 

15 
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Data records 414 lof a file 404 optionally each relate to signals of a unique time period, 
such that all the signals <frf a specific time period are included in a single data record 414. The 
data records 414 of a sir gle file 404 are optionally ordered sequentially according to the time 
period to which they relate. Optionally, different data records 414 relate to time periods of 
different lengths. In some embodiments of the invention, data records 414 are limited to 
relating to data of a timo period of up to a predetermined length, for example 2-10 minutes, 
e.g., 5 minutes. In som^ embodiments of the invention, the predetermined maximal time 
period is selected so as tx> limit the extent of the change in the main power frequency over 
time, as the arrays 432 use the number of cycles as a type of time indication. 

Alternatively or additionally, data block records 414 have up to a maximal size, for 
example between about 45-2 Mbytes. Further alternatively or additionally, data records 414 
are limited by the size of the original uncompressed data, such that it is simple to manipulate 
the data of a single record 414 on a single processor. In an exemplary embodiment of the 
invention, data records 4lH are limited to relating to up to between 2-20 Mbytes of data. 

Files 404 are optionally limited to being not greater than a size which is practically 
managed by computation j(e.g., decompression) and storage units, such as up to 20-40 Mbytes. 
Alternatively or additionally, files 404 are limited in the time span to which they relate (e.g., 
no more than a day or a week) and/or in the number of data records 414 they include. In some 
embodiments of the invention, files 404 are not limited in the time span to which they relate 
and/or in the number of records they include. 

In some embodiments of the invention, when configuration parameters of compression 
unit 100 change and/or any other information in info record 412 changes, the current file 404 is 
closed and a new file 404 is opened. Thus, the data in header 410 and info record 412 of a 
single file 404 relates to the entire file without changes. Alternatively or additionally, one or 
more of the fields of info .record 412 includes room to state different configuration values for 
different data records 414 and/or different signals 422. 

File header 410 optionally identifies the session 402 to which the file 404 belongs and 
the position of the file 404 within the session. In some embodiments of the invention, file 
header 410 further states a type and version, as is known in the art. Alternatively or 
additionally, file header 410 states a regional time at which the data of the file begins and/or 
ends. Further alternatively or additionally, file header 410 states an internal clock point at 
which the data of the file begins and/or ends. In some embodiments of the invention, header 
4 1 0 includes a string field which may be used by a user to identify the file. 
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Info record 412 optionally includes all configuration information required in order to 
understand the contents of the file 404, such that each file 404 is a stand alone unit. 
Alternatively, some information which generally does not change is included only in a first file 
404 of each session 402. Optionally, when a change occurs during a session, the changed 
5 information is included in the file 404 in which the change occurred or in all files 404 that 
have values different from indicated in the first file of their session 402. 

Info record 412 optionally includes an indication of whether the data in the file is 
encrypted and/or compressed and/or the type of encryption and/or compression used. 
Optionally, info record 412 also includes a product type indication, relating for example to the 

1 0 type of the equipment used, network topology information and/or the number of signals and/or 
types for which data is stored. In an exemplary embodiment of the invention, info record 412 
includes various general character strings which state user understandable information on the 
data, such as operator and company name. Info record 412 optionally also indicates the 
beg innin g time and/or ending time of the time period to which the file 404 relates. Optionally, 

15 info record 412 indicates events at which the correspondence between the internal time and the 
regional time was updated, by a user or automatically. 

In some embodiments of the invention, for each signal for which data is collected, info 
record 412 indicates the type of the signal (e.g., one of a wave represented by a plurality of 
harmonics, a real parameter, a complex parameter, a transient parameter) and a unique 

20 identifier of the signal, which is optionally at least partially human decipherable. Optionally, 
for each signal, info record 412 also indicates attributes used for the signal in the method of 
Fig. 3, such as the nominal value and the tolerance. Alternatively or additionally, for each 
signal, a conversion value and/or function used for converting the measured value to the real 
amplitude value (for example, due to transformer conversion ratios). 

25 Info record 412 may optionally also include information on special events which are 

not properly represented by the compressed information stored in data records 414. For 
example, in some embodiments of the invention, compression unit 100 includes an interface 
suitable for identifying fast transient events of high frequencies. Optionally, data on such fast 
transient events is Stored in info record 412 together with an indication of the time at which the 

30 event occurred. In some embodiments of the invention, info record 412 includes debugging 
information. 

It is noted that the data stated herein as being included in info record 412 may be 
included instead, in part or entirely, in header 410 and/or in other records of file 404. For 
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12 may be split into a plurality of records that relate to different 
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In an exemplary/ example, eight signals (4 current and 4 voltage) are monitored by 
sampling at a rate of 12.6 KHz. Each sample optionally requires 2 bytes, such that the samples 

204.8 Kbytes and over six months require about 6400 Giga 
Bytes. Using the above compression method, a compression ratio of about 1:1000 wis 
achieved, and using an ^additional general purpose compression (LZW) a total compression 
ratio of about 1:10000 w^s achieved. 

In the above described embodiments, compression unit 100 includes both analog sensor 
110 and compressor 1121 but does not include storage unit 120 which is a separate unit from 
compression unit 100. jn other embodiments of the invention, analog sensor 110 arid 
optionally A/D converter 1 14 are included in a separate unit from compressor 1 12, for example 
when the sensing is performed by a standard alarm monitoring unit. The alarm monitoring unit 
is altered to provide all data it senses to compressor 1 12, rather than only data sensed when rip 
alarm event is identifier. Alternatively or additionally, storage unit 120 is included within 
compression unit 100. I j 
Compression unit! 100 is not limited for use with any specific power wires and/cir 
network topologies. Specifically, compression unit 100 may be used with any poly-phase or 

f ' i 

single phase power network. The measurement may also be applied to ground lines, may 

i 

include fewer than all the power lines of a network and/or may relate to any combination 6f 

current and voltage measurements. In addition, compression unit 100 may be used with 

balanced or unbalanced 1 ; networks, and substantially any network topologies, including 

delta/star or other hybrid, networks, as well as other electrical points. Compression unit 100 

i | 
may be used with substantially any voltage levels including low voltages, medium level 

25 voltages, high voltages and ultra-high voltages. / 

Although in the above description the compression is performed on parameters or 

harmonics of a single cycle of the main power frequency, the same compression method may 

be used on parameters determined less often or more often. In some embodiments of the 

invention, the transform is performed each time on a plurality of cycles together and the 

harmonics are compared for each plurality of cycles. Alternatively, the transform is performed 

on samples representing less than a power line cycle, for example half a cycle or a sixth of a 

cycle. These embodiments are used, for example in a power network which is known to have a 

repetitive interference with a frequency different from the power line cycle. In some 
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embodiments of the invention, the frequency of the transform is predetermined. Alternatively, 
the frequency of the transform is adjusted according to the measured signals. 

Alternatively or additionally, values of one or more of the parameters such as sag, swell 
and/or flickering is determined oiice every few cycles and the compression is performed 
5 accordingly. Further alternatively Jr additionally, the data of one or more waveforms may be 
stored twice, in high and low resolutions. The high resolution copy is optionally stored in each 
cycle with a relatively high compression tolerance, while the low resolution copy is stored only 
once every few cycles, with a much lower compression tolerance. 

Alternatively to storing valufes of harmonics or parameters, compression unit 100 may 
10 store waveform patterns. Optional^, each time the waveform pattern changes substantially 
(e.g., more than 5-10%), the new pattern is stored. 

It will be appreciated that thp above described methods may be varied in many ways. It 
should also be appreciated that the above described description of methods and apparatus are 
to be interpreted as including apparatus for carrying out the methods and methods of using the 
15 apparatus. J 

The present invention has been described using non-limiting detailed descriptions of 
embodiments thereof that are provided by way of example and are not intended to limit the 
scope of the invention. For example] processor 118 is not necessarily included in compression 
unit 100. The functions, of processor 118 may not be performed by unit 100 or may be 

20 performed by other elements of compression unit 100, such as compressor 112. It should be 
understood that features and/or steps described with respect to one embodiment may be used 
with other embodiments and that not all embodiments of the invention have all of the features 
and/or steps shown in a particular figure or described with respect to one of the embodiments. 
Variations of embodiments described will occur to persons of the art. 

25 R is noted ^at some of the above described embodiments may describe the best mode 

contemplated by the inventors and therefore may include structure, acts or details of structures 
and acts that may not be essential to the invention and which are described as examples. 
Structure and acts described herein are replaceable by equivalents which perform the same 
function, even if the structure or acts are different, as known in the art. Therefore, the scope of 

30 the invention is limited only by the elements and limitations as used in the claims. When used 
in the following claims, the terms "comprise", "include", "have" and their conjugates mean 
"including but not limited to". 
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